Abstract
Introduction
The Institute for Logistics and Supply Chain Management (ILSCM) has developed an Engagement Framework and Infrastructure to facilitate the engagement of logistics research projects. This is an application development and support environment which is based on a multi-tier architecture. It will support business development (e.g. product demonstrations) and postgraduate research activities (e.g. prototyping). This paper describes the realisation of the Research Engagement Infrastructure and how it incorporates the ILSCM Logistics Paradigm. This realisation process, depicted in Figure 1 , may also be referred to as the process of model enactment.
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Figure 1: Realising the ILSCM Engagement Framework
The Logistics Paradigm is expressed in its elemental components and relationships, for implementation as components in an application development and execution environment. The Infrastructure is based on the concept of application workbenches and allows for development and innovation. The Engagement Framework is extendable and is based on a multi-tier architecture. The realisation process (of the infrastructure from theoretical concepts) shows the further development of detailed implementation models. This has led to an infrastructure that makes applications visible and this promotes software and component re-use. To provide logistics support, the Research Infrastructure incorporates optimisation applications; in some similar problem domains, conflicting results may result, so the Research Infrastructure is extendable to include rule applications for conflict resolution. The support of IBM in the provision of WebSphere in this work is gratefully acknowledged.
Literature Review
Computer-aided engineering (CAE) is the use of technology for supporting engineers in tasks such as analysis, simulation, design, manufacture, planning, diagnosis and repair [1] , [2] , [3] and [4] . The ILSCM Research Infrastructure is based on the 3-tier architecture [5] , [6] , [7] and [8] . The concept is the separation of different parts of the system into user interface, functional process logic and data storage layers. The Service Oriented Architecture (SOA) focuses on how services interact with each other and other resources in the system [9] . Services used by SOA should use loose coupling [10] and [11] . Web Services refer to the technology used in order to make a connection between two or more network resources [12] and [13] . SOA approach can be used to implement web services. This is focused on making the web services independent of platforms and programming languages [14] . With SOAP web services, descriptions of the service must be done in Web Services Description Language (WSDL) [15] . Java 2 Platform Enterprise Edition (J2EE) also known as Java Platform Enterprise Edition (Java EE) is used for server side programming [16] , [17] . A number of deployment environments are used. These include IBM Websphere [18] , [19] and Fujitsu's Inerstage [20] .
In terms of graphical modelling, the Unified Modelling Language (UML) is used to represent various objects belonging with in the modelled system [21] , [22] .
The ILSCM Logistics Paradigm
The ILSCM Logistics Paradigm (Figure 4 ) underpins the framework. This is a holistic approach to the study of Logistics and Supply Chain management ranging from strategy development to studies at the operational level. This was adopted as a theoretical framework for the study of logistics problems, ranging from strategy development to studies at the operational level. It provides three viewpoints which contain the language-constructs, with which, the concepts, scenarios, components and organisation of logistics at that level are described. The three viewpoints are Conceptual, Functional and Transactional, shown in Figure 2 . 
The Engagement Framework
The ILSCM Engagement Framework is based on the Logistics Philosophy (Figure 4 ). This illustrates how ILSCM may engage projects across the three viewpoints in the field of logistics, e.g. it may be used to assist in strategy development at the Conceptual Level, or assist in business process design at the Functional and Transactional Levels. The purpose of the Engagement Framework is to allow ILSCM to integrate seamlessly, work very closely with key stakeholders to understand the business or the problem domain across all the engagement views. This realisation process (Figure 1) , results in the further development of implementation models and the ILSCM Research Infrastructure ( Figure 5 ) is one manifestation, which comprises a proof of concept environment. Otherwise, there is a tendency for piecemeal development which often leads to maintenance problems and applications become "lost" in the longer term, due to lack of visibility. The approach of developing a Research Infrastructure means that new applications can be developed as components and added to the infrastructure. This is to promote:
Software reuse through identification of common functionality and minimisation of data redundancy and conflict Increase in visibility of applications Maintainable software and an infrastructure that is extendable
The Research Infrastructure
The logical architecture of the ILSCM infrastructure is shown in Figure 6 . It makes a logical separation between the presentation layer, the business logic layer, and the database layer. It is based on the "three-tier" architecture, in which the user-interface, functional or application process logic ("business rules"), data storage and data access are developed and maintained as independent modules. This offers the usual advantages of modular software with well defined interfaces and is intended to allow any of the three tiers to be upgraded as requirements or technology change. For example, the data storage layer can be substituted completely without changes to the API at the presentation layer.
Design of the Data Schema
The data schema of the Research Infrastructure is shown in Figure 8 . This representation of the engagement framework shows the three engagement levels, namely the Strategic, Functional and Operational levels. The data elements of the Research Infrastructure are captured at a high level, reflecting the understanding of the requirements of the research work to be jointly specified by all stakeholders. In the instance shown in Figure 8 , the Survey Framework has a relationship between the Research Infrastructure.
The Survey Design Application
A major offering of ILSCM is that of the Logistics Insights Research. This is done via a survey mechanism, where the Engagement Framework supports the design of research surveys and to provide a means for data analysis (by classifying or providing a means to cross-section the data, in accordance to the level, function etc.). This provides the following:
A database of survey respondents and act as a tool for generating draft survey questionnaires Retain information relating to the metrics of the survey constructs and facilitate data mining analysis Support the design of survey questionnaires The fundamental elements are shown in Figure 7 . The system needs to be capable of handling types of questions, such as nominal, ordinal, ratios, interval and code (agree, disagree).
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Figure 7: Schema of the survey designer
The survey design application was to reduce the timescales for the introduction of new survey instruments, through the generation of "first-cut" or draft survey instruments. Through this mechanism, draft surveys were quickly generated for subsequent testing and use. The design of the application was also done using use-cases, some of which are listed below.
Build Survey. This builds a new survey questionnaire and relates it to a survey framework. 
Conclusions
The ILSCM Research Infrastructure has been implemented using the Java (J2EE) and a Web based server platform (IBM Websphere) along with the Oracle database management system. The Infrastructure was developed to avoid ad hoc development of applications to avoid lack of re-use, problems with code maintenance and "loss of sight" of applications. The ILSCM Logistics Paradigm, through a process of model enactment, has been has been implemented in terms of a development environment that reflects the philosophy of research engagement. This is not restrictive, as the Paradigm is sufficiently generic within the logistics research field and it can be extended. One application, namely for Survey Design, has been described in this paper. This has shown how the survey design schema has been extended from the Research Infrastructure and in a similar manner other applications will also achieve the same.
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